Understanding Spatial and Temporal Variations
of Arctic Circulation Usmg Oxygen Isotopes of




Purpose of Climate

e Earth has a heat budget. Balance Balance

e As solar radiation bombards it,
equatorial regions absorb more
heat while polar regions absorb
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Water Masses

Regional pockets are surface sources for water mass formation.

They trigger thermohaline circulation, density driven oceanic circulation.
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Defining 6180

o Heavy isotope of oxygen
o A semi-conserved tracer of the hydrologic cycle due
to its regional relationship with salinity

e In standard ocean water (Rq,nqard)>
For each 1,000,000 H,'0O molecules
~2005 H,'80 molecules

e ‘delta’ notation:

680 in permil (%o) = (R /R -1) X1000

sample’ " *standard



Rayleigh Distillation

condensation 180 (heavy)
precipitation & hard to evap.orate,
easy to precipitate
,ﬁ RS MR — salt water
evaporation . . . 180 (light)
... . easy toevaporate,
-' T ... hard to precipitate
— fresh water




Fairbanks and Charles 1992
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Fig 30.3B. Plots of 80 and salinity measurements across all major salinity gradients in the
Atlantic and eastern tropical Pacific (Fairbanks, ms in preparation)



Research Context

Scientists have been using 80 water isotopologues as tracers of the hydrologic
cycle to better understand ocean circulation.

Previous Work Our Work
e Database: (1999) G. e Update the database.
Schmidt et al e Examine spatial and temporal
e Gridded dataset: (2006) impact on 80 in the Arctic.
A. LeGrande and G.

e Improve regional '80-S
relationships to redefine Arctic
water masses

Schmidt



Calculated Surface §'°0 Seawater
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A. LeGrande and G. Schmidt and this project’s updates
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Spatial Distribution of Observed Arctic 4180
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Tempoal Distribution of Observed §'*
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Spatial Distribution

Coastal water - Open water

]

River runoff
Rayleigh Distillation and
resulting inland freshwater
discharge with lower §180.
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Temporal Distribution

Season Observed §'° O
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salinity (psu)
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salinity (psu)
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Define Arctic Water Masses

Nature -
where does water originate from?

Nurture -
where has it been?

Unique qualities.
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Jack Knife Analysis of Eurasian Basin using 31 points
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Statistics for outliers

§'® O-Salinity Relationships of Arctic Water Masses

Jack Knife Analysis of Eurasian Basin using 31 points
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Summary

Goal:
To better understand the Arctic Ocean’s complex circulation.

Accomplishments:
e Identified estimated-calculated discrepancies.
e Examined regional temporal and spatial distribution to define water masses.
e Used Jackknife to statistically analyze the water masses 180-S relationships.
e Consolidated ten water masses into four water masses.



Future Work

e Application of Jackknife slope analysis to improve regional §'80-S
relationships that better define water masses and track their sources,
pathways, and interactions in global ocean circulation.

e Account for temporal variation in the Global Gridded Data Set.

e Representation of ocean components along isopycnals.

e Collect additional oxygen-18 data by reviewing non-English language
scientific publications
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